Four strong-base anion exchange resins (AERs) with different properties were selected to investigate dissolved organic matter (DOM) removal from river water containing inorganic anions. Rapid sandfiltered water was obtained from a water treatment plant in Tokyo, Japan, and then concentrated by an ultrafiltration membrane for use in ion exchange experiments to simulate high dissolved organic carbon (DOC) and sulfate conditions. AERs removed 23-50% of DOC and 70-80% of UV 254 within 30 min despite high sulfate concentration (121 mg/L). Although the materials and structure of the AERs did not affect the reduction of UV 254 , DOC removal was affected. The highest DOC reduction was achieved by a macroporous polyacrylic AER (Purolite), while the macroporous polystyrene IRA 910 had the lowest DOC removal. A pseudo-second-order kinetic model showed that the rate constants and the initial sorption rates of polyacrylic resins were higher than those by polystyrene resins, suggesting that more hydrophilic structure of AERs exhibited faster DOC removal. Aromatic DOM with a molecular weight (MW) of 800-3,000 Da was almost completely removed by AERs, whereas only half of aromatic DOMs smaller than 800 Da were removed by AERs. Adsorbed DOC comprised less than 6% of all exchanged anions, whereas the adsorbed sulfate was about 90% due to comparatively high concentration of sulfate in the water sample.
INTRODUCTION
Dissolved organic matter (DOM) is comprised of complex and heterogeneous organic compounds in natural waters. Its presence has adverse effects on drinking water treatment processes such as bacterial regrowth, membrane fouling and reduction of the adsorption capacity of activated carbon (Fearing et al. a; Humbert et al. ) . Moreover, it increases chlorine demand and forms disinfection by-products (DBPs). DOM can be removed by coagulation in a conventional water treatment process (Fearing et al. a) . However, the coagulation-flocculation process shows limited DOM removal efficiency, e.g. 40-70% of total organic carbon (Eikebrokk ) . Increasing the coagulant dose brings about an increase in the amount of sludge production and pH decreases below an optimal range for DOM and colloid removal. Therefore, alternative technologies for DOM removal have been anticipated. Use of anion exchange resins (AERs) is one of the prospective alternative technologies for DOM removal because AERs have a high potential to remove a larger fraction of DOM than coagulation-flocculation processes and also because AERs may remove potentially toxic anions such as bromide (Singer & Bilyk ) .
Different properties of AERs such as their resin matrix
and porosity lead to distinctions in removal efficiency of organic and inorganic anions (Li & 
Anion exchange resins (AERs)
The characteristics of the four AERs in this study are shown in Table 2 . The AERs were selected based upon different type (i.e. gel and macroporous) and structure (i.e. polyacrylic and polystyrene). To remove impurities from as-received AERs, AERs were preconditioned by washing with Milli-Q water for 1 h and methanol for 30 min in a stirred beaker by a magnetic stirrer. Then the AERs were rinsed with Milli-Q water and packed in a glass column (3.0 cm in an inner diameter and 50 cm long).
The resins in the packed bed were conditioned to chlorideform by circulating at least 2 L of 0.1 N NaOH followed by 0.1 N HCl. The AERs were then rinsed with Milli-Q water and saturated with 10% NaCl solution. To prevent DOM leakage, the AERs were rinsed with Milli-Q water before use until UV 254 in the rinsing water was less than 0.001 (1/cm).
Experimental methods

Batch DOM adsorption by AERs
The DOM adsorption experiments were conducted by the bottle-point method. One gram of preconditioned AER 
where q ec and q t are the amounts of DOC adsorbed at equilibrium and at time t, respectively, and k is the pseudosecond-order-rate constant (g/mg-min). Rearranging and integrating Equation (1) yields Equation (2), where h ¼ kq 2 ec (h is an initial sorption rate; mg/g-min); and this equation was used to evaluate the kinetic DOC adsorption by AERs.
Analytical methods namely, the smaller AER size of IRA400 has a larger solid-liquid interface which contributed to a higher adsorption rate.
Molecular weight distribution of DOM
Changes in the MW distribution of aromatic DOM, which can be monitored by UV absorbance, before and The results show that the proportion of exchanged DOC to total anions was less than 6% on an electric charge basis during the whole contact time, which is consistent with Rokicki & Boyer () . The largest proportion of exchanged anions was occupied by sulfate, followed by bicarbonate and DOC, and then nitrate. Strong affinity and abundance in UFC water were the causes of the highest amount of exchanged sulfate. These results indicated that, in addition to AER type and structure, anion composition and concentration are key factors that determine DOM removal from river water.
CONCLUSIONS
This study investigated DOM removal by four types of AERs and competitive ion exchange of DOM with major anions.
Results obtained from this research were as follows: • DOC removal differed significantly among the four AERs, while the type and structure of AERs did not affect removal of aromatic organic matter as measured by UV 254 . High removal rates of UV 254 were achieved with all AERs.
• The structure of AERs was likely to be one of the key factors for DOC removal. Polyacrylic AERs (Purolite and IRA458) exhibited faster DOC removal rates than polystyrene AERs (IRA400 and IRA910) probably because of the hydrophilicity of polyacrylic resins.
• AERs showed almost complete removal of aromatic DOM with MW from 800À3,000 Da, whereas aromatic DOM smaller than 800 Da was removed only by half.
• The adsorption of sulfate by AERs was greater than other anions and DOC, comprising approximately 90% of the total exchanged ions and DOC. Despite the high exchange capacity of sulfate, it was found that AERs can remove a significant portion of DOM from sandfiltered river water.
